Grain boundary sliding behavior was investigated in coincidence boundaries of Zn and Al bicrystal specimens, in order to demonstrate the applicability of the DSC dislocation model. Two coincidence boundaries, viz. a <1010> symmetric tilt boundary with a {1216} boundary plane in Zn and a <110> symmetric tilt boundary with a {113} boundary plane in Al, were examined. Coupling of sliding and migration was observed on both boundaries. The ratio of the amount of grain boundary migration to that of grain boundary sliding was measured to be about 8 for the Zn {1216} boundary and about 3 for the Al {113} boundary. The ratios and the migration directions were in accordance with the theoretical prediction based on the DSC dislocation model.
The modern grain boundary dislocation theory explains the dynamic grain boundary behavior by considering the motion of DSC dislocations(1)- (14) . Grain boundary sliding is attributed to the glide motion of DSC dislocations. The DSC dislocation is considered to have a grain boundary step as its inseparable part. Consequentially, the glide motion of a DSC dislocation results in the coupling of sliding and migration. The ratio of the amount of grain boundary sliding to that of grain boundary migration is geometrically predicted on the DSC lattice frameworks.
The authors have reported that a {1211} coincidence boundary in Zn showed a typical coupling of sliding and migration at high temperature. The sliding-to-migration ratio and the migration direction were in accordance with the predictions of the DSC dislocation model (15) .
In order to present further evidence to verify the DSC dislocation model, bicrystal experiments were carried out on a {1216} coincidence boundary of Zn and on a {113} coincidence boundary in Al. Coupling of sliding and migration observed on both boundaries were in good agreement with the respective predictions.
Selection of grain boundaries
In order that the CSLs and the DSC lattices may clearly be applied to the boundaries, typical coincidence boundaries were selected out by some intuitive criteria as follows.
(1) A good atomic matching is expected at the boundary plane.
(2) The periodicity along the boundary plane is short.
A {1216} coincidence boundary in Zn as shown in Fig. 1 was selected out. The basal plane of one crystal makes an angle of 1.11 rad with the basal plane of the other crystal. A good atomic matching and a short periodicity are clearly seen. Atomic planes parallel to a {1010} plane in h.c.p. crystals follow a stacking sequence made up of four planes A, B, C and D. In Fig. 1 , two {1010} planes are shown, A (double circles) and B (circles), upon which the coincidence sites will appear on the boundary plane.
If the crystal lattice vectors a and c in Zn are replaced by the vectors <110> /2 and <001> in an f.c.c. crystal, respectively, a <110> symmetric tilt boundary as shown in Fig. 2 will boundary whose boundary plane is parallel to {113} planes of both crystals. The atomic structure of a {113) coincidence boundary in the f.c.c. crystal is similar to that of a {1216} coincidence boundary in Zn. In order to make a comparison with the {1216} boundary, the {113} boundary in Al was selected as another object of this study. Computer simulation studies(16)- (18) have suggested that the {113} coincidence boundaries in Au and Al will have the atomic structure which can approximately be illustrated by a geometrical construction as shown in Fig. 2 . According to the experimental measurements on the relative energies of grain boundaries (19) , the {113} boundary in Al is a boundary of relatively low energy.
Experimental procedure
A high purity Zn (99.999 mass%) bicrystal plate containing a {1216} boundary and a high purity Al (99.99 mass%) bicrystal plate containing a {113} boundary were grown from the melt using seed crystals. The crystallographic orientations were determined by X-ray back reflection Laue method, and the tested specimens deviated within about 0.03 rad from the ideal orientations. Figures 3 and 4 show the Zn and Al bicrystal tensile test specimens, respectively. The boundaries.
The Zn and Al bicrystal specimens Geometric consideration gives the magnitude of the base DSC vector and its corresponding step height13 as eqs. (1) and (2) 
Prediction about the {113} boundary in
Al the {1216} boundary in Zn. Coupling of sliding and migration to be produced by the glide motion of a base DSC dislocation is illustrated. shown in Fig. 6 can be applied to the {113} boundary in Al. In Fig. 6 , the circles and the triangles distinguish the atoms on the two neighboring planes which are parallel to the {110}plane.
The grain boundary sliding behavior can be predicted on the geometric construction as shown in Fig. 6 by assuming that the DSC dislocation glide produces the sliding displacement. If the shear stress on the grain boundary displacement are possible for the Burgers vector of the gliding DSC dislocation.
( 1) A relative displacement which brings the X1 atom (solid circle) to the new coincidence site, O1 (open circle).
(2) A relative displacement which brings the X'1 atom (solid triangle) and the X"1 atom (solid circle) to the new coincidence sites, O'1 (open circle) and O"1 (open triangle), respectively. These represent the two types of the displacement for the base DSC dislocations. The type (1) and the type (2) Fig. 4 , the Schmid factors for the sliding directions parallel to the displacement (1) and (2) are 0.5 and 0.144, respectively, and hence the displacement (1) will be much more favorable. Therefore, the consideration will be made only for the type (1) displacement hereafter.
Under the geometric condition as shown in Fig. 4 , the shear stress on the boundary plane dislocation with b1 Burgers vector will be activated to bring the X1 atom (solid circle) into the new coincidence site O1. The grain boundary will migrate from its original position (G.B.) to its new position (G.B.1), which will result in the upper grain growing at the expense of the lower grain. Since the <110>/2 and <001> vectors in Fig. 6 correspond to the a and c vectors in Fig. 5 , the term c/a in eq. (3) can be replaced by the value of |<001>|/|<110>/ tion ratio, R, will be given by eq. (4).
The negative sign indicates that the migration direction of the {113} boundary in Al is opposite to that of the {1216} boundary in Zn.
As mentioned above, the consideration based on the DSC dislocation model of grain boundary sliding predicts very different sliding behaviors for the Zn {1216} boundary and the Al {113} boundary. The sliding to migration ratio in the coupling of sliding and migration is predicted to be 8.33 for the Zn {1216} boundary and 2.83 for the Al {113} boundary. The migration directions of these boundaries are opposite to each other. If this typical coupling of sliding and migration is observed experimentally on a macroscopic scale, the DSC dislocation model for the coupling of sliding and migration will be substantiated, and at the same time, the grain boundary structure models upon which the DSC dislocation models are based may be justified.
{113} boundary
in Al. Coupling of sliding and migration to be produced by the glide motion of a base DSC dislocation is illustrated.
bends by an angle of about 0.06 rad at the original and final positions of the grain boundary. The fiducial lines swept by the boundary are observed to be straight, which indicates that the coupling of sliding and migration occurred in a constant and homogeneous manner. Measurements on the micrographs indicated that the amount of grain boundary migration was about eight times as large as that of grain boundary sliding. This ratio, M/S=8, is in good agreement with the theoretically predicted value of 8.33. The direction of the grain boundary migration was pointing to the upper left, and the lower grain was seen to grow at the expense of the upper grain, which was coincident with the prediction.
Microscopic observation of both surfaces and of both sides after the test revealed that the coupling of sliding and migration occurred uniformly over the whole grain boundary. It was also ascertained that no effective displacement took place in the [1010] direction.
Coupling of sliding and migration in the
Al {113} boundary Micrographs in Fig. 8 show the coupling of sliding and migration observed on the {113} boundary in the Al bicrystal specimen. A tensile stress of 0.2-0.6 MPa was applied to the specimen at 762K. The tensile axis was horizontal in Fig. 8 . The lower right corner of each micrograph is set to correspond to a fixed position on the specimen surface, and the geometry of the specimen corresponds to Fig.  4 . Some faint slip traces are seen which can be recognized as the (111)2 trace, the (111)1 trace and the [110]1 trace. The horizontal fiducial lines make sharp bends by an angle of about 0.15 rad at the original and final positions of the grain boundary. Measurements on the micrographs indicated that the amount of grain boundary migration was about three times larger than that of grain boundary sliding, which was in good agreement with the theoretical prediction, M/S=2.83. The direction of the grain boundary migration, indicated by the arrows in Fig. 8 , is pointing to the lower right, just as expected by the DSC dislocation model shown in Fig. 6 . This coupling of sliding and migration observed on the Al {113} boundary was also uniform over the whole boundary, and no effective displacement was produced in the [110] direction.
On the agreement between the theoretical prediction and the experimental results
The macroscopic features related to the coupling of sliding and migration, viz. the M/S ratios and the migration directions, which were observed experimentally in the Zn {1216} coincidence boundary and the Al {113} coincidence boundary can be described consistently by the respective DSC dislocation models. This implies that the CSLs and the DSC lattices can clearly be applied to both boundaries, because of their well-defined structures.
It may also be suggested that the DSC dislocation models can equally be applied to the coincidence boundaries which are thought to have similar atomic configurations, regardless of their crystal structures themselves. The DSC dislocation models are simply based on the geometric framework which defines the specific displacement relative to each crystal along the grain boundary. Therefore, it is rather a natural consequence that the crystal structure itself is not involved in the mechanism of the DSC dislocation glide, except that the shape and the dimensions of the DSC lattice framework depend upon the crystal structure. Such a proposition can be justified by the experimental results reported above. 
Gliding

Source of the gliding DSC dislocations
The extrinsic dislocations which glide to produce grain boundary sliding in tilt boundaries, have been considered to be created by the dissociation of the crystal lattice dislocations running into the grain boundary during plastic deformation processes (22) . If the crystal deformation is uniform, the crystal lattice dislocations activated may all have the same nature, and these dislocations will be dissociated to give a uniform distribution of the extrinsic grain boundary dislocations in the boundary. Assuming that all the extrinsic dislocations sweep the full distance from their initial position where the parent dislocation was supplied, to one end of the boundary, the number of the extrinsic dislocations passing, and thus the sliding displacement will be monotonously increasing from one end to the other end of the boundary. However, the experimental results have shown that the coupling of sliding and migration occurred in a fairly uniform manner over the whole boundary, for both boundaries investigated in the present study. It might be suggested that one can not attribute the extrinsic dislocations entirely to the crystal lattice dislocations. Some possible source mechanisms for the extrinsic grain boundary dislocations may be the nucleation at the boundary ends, or the nucleation and multiplication of the DSC dislocation loops in the boundary(23). In 
Other possible consideration
The DSC dislocation models which describe the coupling of sliding and migration in coincidence boundaries represent the atomistic mechanism for the twin growth in the direction normal to their twin planes of a {1216} twin in the activity of such twin systems has not been reported so far.
When the Zn {1216} boundary or the Al {113} boundary being transversal through the specimen is set, as in the present study, the nucleation of a twin embryo and the growth in its length can both be skipped. That is, the twin growth in the direction of its twin plane normal, which is brought about by the gliding DSC dislocations, is simply extracted in the bicrystal experiments.
Grain boundary sliding behavior of typical coincidence boundaries was investigated at high temperatures using bicrystal specimens of Zn and Al. The theoretical predictions based on the DSC dislocation model of grain boundary sliding were verified by the following experimental results.
(1) Coupling of sliding and migration was observed on the Zn <1010> symmetric tilt boundary with its boundary plane parallel to the { 1216} planes of both crystals abutting on the boundary.
The amount of grain boundary (2) Coupling of sliding and migration was observed on the Al <110> symmetric tilt boundary with its boundary plane parallel to the {113} planes of both crystals abutting on the boundary. The amount of grain boundary migration was measured to be about three times as large as that of grain boundary sliding. This ratio of 3:1 and the direction of grain boundary migration were in accordance with the prediction based on the DSC dislocation model which assumed the glide motions of the base DSC dislocations.
